The work was conducted with the purpose to evaluate antioxidant activity of Parmelia saxatilis (PS) by different analytical methods. Water and methanol were used as solvents and antioxidative effects were measured by a ferric thiocyanate method (FTC) and thiobarbituric acid test (TBA). The antioxidant activity increased with the increasing amount of extracts (from 50 to 250 µg) added to linoleic acid emulsion. The methanol extract of PS exhibited high antioxidative activity that was not significantly (P < 0.05) different from α-tocopherol, while aqueous extracts of PS showed low antioxidative activity. Similar trends of antioxidant activity were observed using either the FTC or TBA methods. Antioxidant activity, reducing power, free radical scavenging (DPPH . ), superoxide anion radical scavenging, metal chelating and hydrogen peroxide scavenging activities of PS extracts showed dose dependence and increased with concentration of PS extract. The results obtained in the present study indicate that the PS might be a potential source of natural antioxidant.
Introduction
Antioxidants are compounds that inhibit or delay the oxidation process by blocking the initiation or propagation of oxidizing chain reactions. They may function as free radical scavengers, complexers of pro-oxidant metals, reducing agents and quenchers of singlet oxygen formation (Andlauer & Furst 1998) . There are two basic categories of antioxidants namely synthetic and natural ones. Restriction on the use of synthetic antioxidants is being imposed because of their carcinogenicity (Grice 1986; Wichi 1988) . Therefore, the development and utilization of more effective antioxidants of natural origin are desired. The synthetic antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxanisole (BHA), previously widely used, are now doubted toxicologically (Wichi 1988) . Many researchers have focused on natural antioxidants, and in the plant kingdom numerous crude extracts and pure natural compounds were previously reported to have antioxidant properties. Therefore, the development and utilization of more effective antioxidants of natural origin are desired.
Much attention has been paid to plants and other organisms as resources of natural antioxidants. Lichens produce a great number of different secondary metabolites, many of which occur exclusively in these symbiotic organisms. The biological role of lichenic substances is not yet well known, although they do often have a protective function for the lichen.
Some lichenic substances have a defensive function against excessive exposure to light, like calcium oxalate, which could deposit as a whitish layer on the thallus surface, increasing the albedo (Modenesi et al. 1998) . Furthermore, it has been suggested that some lichenic substances may have an important role in protecting thalli from the dangerous toxic action of free radicals produced by oxidative stress exposure. In the modern pharmacology lichen metabolites isolated from Parmelia spp. showed antiproliferative and cytotoxic activity, inhibitory action against leukotriene B4 synthesis and antibacterial properties (Kumar 1999a,b; Ingolfsdottir 1999) . Biological activities and economical importance of some lichen species are responsible for their important place in Turkish traditional medicine (Baytop 1999; Gülçin et al. 2002) . These species are used in the treatment of cancer, tuberculosis and ulcer in northern regions of Anatolia.
Although antioxidant activities of some phenolic compounds, usenic acid and diffractaic acid, isolated from several lichen species, have been demonstrated in the recent past (Hidalgo et al. 1994; Jayaprakasha & Rao 2000; Gülçin et al. 2002; Hana et al. 2004; Monnet at al. 2006; Behera et al. 2006; Bayir et al. 2006 ) the antioxidant properties of lichens are poorly known and no report on the relationship between antioxidant activity and phenolic content is available. However, there is no information about antioxidant activity and the relationship between the phenolic content and antioxidant activities of aqueous and methanol extracts of Parmelia saxatilis (L.) Ach. (PS). In this investigation, we wanted to describe the antioxidant effects of PS and to compare their antioxidant effects with BHT, BHA, and α-tocopherol, which are commonly used as food antioxidants.
Material and methods

Reagents
Ammonium thiocyanate, ferrous chloride and 1,1-diphenyl-2-picryl-hydrazl (DPPH) were purchased from E. Merck. Nicotine adenine dinucleotide (NADH), BHA, BHT, α-tocopherol, tricholoracetic acid (TCA), polyoxycthylenesorbitan monolaurate , nitroblue tetrazolium (NBT), nicotinamide adenine dinucleotide (NADH), phenazine methosulphate (PMS), potassium ferricyanide and linoleic acid were purchased from Sigma Chemical Co. All other chemicals and reagents were of analytical grade or obtained from other commercial sources.
Plant material and extraction procedure
The fresh thalli of Parmelia saxatilis plucked (PS) were collected between 2 275 to 2 350 m a.s.l. of Kalecik Plateau (Araklı-Trabzon) which is located in the eastern part of the Black Sea region of Turkey in 2004, between 40 • 35 N and 40
• 06 E. and authenticated by Dr Kadir Kinalioglu, Arts and Sciences Faculty, Department of Biology (Botany), Giresun University.
Sampling was randomized from lichen. For water extraction, the dried aerial parts of the plants (25 g) were powdered in a mill and were mixed with a 500 mL of boiling water by magnetic stirrer for 15 min. The water extracts were filtered by using Watman No.1 paper. Filtrates were frozen and lyophilized. For methanol extraction, 25 g of sample was grinded into fine powder in a mill. The sample was extracted in a Soxhlet apparatus. The extract was filtered by using Watman No.1 paper. The solvent was removed by rotary evaporator to obtain dry extract at 40
Then the dried water and methanol soluble extracts were weighed. The dried water and methanol soluble extracts of extraction obtained were 1.17 g and 1.66 g, respectively.
Determination of total antioxidant activity by ferric thiocynate method (FTC) The antioxidant activity of PS was determined according to FTC in linoleic acid (Mitsuda et al. 1996) . Dried extract of 50, 100 or 250 µg/mL in 1 mL of the corresponding solvent were added to the reaction mixture containing linoleic acid in potassium phosphate buffer (2.5 mL, 0.04 M, pH 7.0). The mixed solution was incubated at 37
• C for 1 h. After that, 0.1 mL of each solution was diluted in ethanol (9.7 mL, 99%), NH4SCN (0.1 mL, 10%) and FeCl2 (0.1 mL, 0.02 M). The peroxide value was measured at 500 nm and the percentage of inhibition was determined. High absorbance indicates high linoleic acid emulsion oxidation. All tests were run triplicate, and an analysis of all samples was done in triplicate and averaged. The inhibition of lipid peroxidation in percent was calculated by the following equation; Percentage Inhibition Lipid Peroxidation = [1 − (A1/A0)] × 100, where A0 was the absorbance of control and A1 was the absorbance of PS extracts or the standard compound (Duh et al. 1999) .
Thiobarbituric acid test (TBA)
The test was applied according to the method of Kikuzaki (Kikuzaki & Nakatani 1993) . The sample from the FTC method was used for the TBA test. To 1 mL of sample solution TCA (2 mL) and TBA (2 mL) were added. The mixture was placed in a boiling water bath 100
• C for 20 min. After cooling, it was centrifuged at 3 000 rpm for 25 min. Absorbance of supernatant was then measured at 532 nm. Antioxidant activity was determined and based on absorbance on the final peroxide value.
Assay of reducing power
The reducing power capacity of PS was determined according to the method of Oyaizu (Oyaizu 1986 ). Dried extract of 50, 100 or 250 µg/mL in 1 mL of the corresponding solvent was mixed with buffer (2.5 mL, 0.2 M, pH 6.6) and K3Fe(CN)6 (2.5 mL, 1%), then the mixture was incubated at 50
• C for 20 min. Afterwards, TCA (2.5 mL, 10%) was added to the mixture, which was then centrifugated at 3 000 rpm for 15 min. The upper layer of the solution (0.5 mL) was mixed with 1 mL of distilled water and FeCl3 (0.5 mL, 0.1%), and the absorbance was measured at 700 nm. Higher absorbance of the reaction mixture indicated increased reducing power.
Assay of superoxide anion scavenging activity Superoxide anion scavenging activity of methanol and aqueous extract of PS was measured according to Nishimiki slightly modified (Nishimiki et al. 1972) . Nitroblue tetrazolium solution of 1 mL (156 µM NBT in 100 mM phosphate buffer, pH 7.4) and 1 mL NADH solution (468 µM in 100 mM phosphate buffer, pH 7.4) and 1 mL of 100 µg/mL of dried extract of the corresponding solvent were mixed. The reaction was started by adding 100 µL of phenazine methsulphate solution (60 µM PMS in 100 mM phosphate buffer, pH 7.4) to the mixture. The mixture was incubated at ambient temperature for 5 min, and its absorbance was measured spectrophotometrically at 560 nm wavelength against blank samples. The percentage of inhibition of superoxide anion generation was calculated using the following formula: Inhibition of superoxide anion generation (%) = [(A0 − A1)/A0 × 100], where A0 was the absorbance of control, and A1 was the absorbance of PS or standards (Ye et al. 2000) .
Assay of free radical scavenging activity The effect of methanol and water extract of PS on DDPH radical was estimated according to the method of Moure (Moure et al. 2000) . 1 mL of 0.1 mM methanolic solution of DPPH was added to 3.0 mL of PS extracts solution of 50, 100 and 200 µg/mL, and monitored at a characteristic wavelength in the presence of the samples. Thirty minutes later, the absorbance was measured at 517 nm. Lower absorbance of the reaction mixture indicated the higher free radical scavenging activity. 
Assay of metal chelating activity
The chelating of ferrous ions by the methanolic and aqueous extracts of PS was determined by the method of Dinis et al. (1994) . Briefly, the extract samples of PS (50-250 µg/mL) were added to a solution of FeCl2 (2 mM, 0.05 mL). The reaction was initiated by the addition of ferrozine (5 mM, 0.2 mL) and the mixture was shaken vigorously and left standing at room temperature for 10 min. The absorbance of the resulting solution was then measured spectrophotometrically at 562 nm. The percentage of inhibition was given by the formula:
where A0 was the absorbance of control and A1 was the absorbance of PS or standards. Triplicate samples were run for each set and averaged.
Scavenging of hydrogen peroxide
The ability of the methanol and water extracts of PS to scavenge hydrogen peroxide was determined according to the method of Ruch et al. (1989) . A solution of H2O2 (40 mM) was prepared in phosphate buffer (100 mM, pH 7.4). H2O2 concentration was determined spectrophotometrically at 230 nm. Extracts (100 µg/mL) were added to a H2O2 solution (0.6 mL). Absorbance of H2O2 at 230 nm was determined in 10 min against a blank solution containing the phosphate buffer without hydrogen peroxide. The percentage of scavenging H2O2 of PS and standard compounds was estimated using the following equation: Percent Scavenged; % (H2O2) = [(A0 − A1)/A0 × 100], where A0 was the absorbance of control and A1 was the absorbance of PS or standards. Triplicate samples were run for each set and averaged.
Total phenolic compounds
The total phenolic compounds presented in extracts of PS were determined using pyrocatechol equivalent as a standard phenolic compound (Slinkard & Singleton 1977) . 1 mL of extract (contains 1000 µg extract) was put in a volumetric flask and diluted in distilled water (46 mL). 1 mL of Folin-Ciocalteu reagent was added and mixed thoroughly. After 3 min, 3 mL of Na2CO3 (2%) were added and incubated at bath for 2 h. The absorbance was measured at 760 nm. The concentration of total compounds in both extracts was determined as µg of pyrocatechol equivalent using an equation obtained from the standard pyrocatechol graph as given: Absorbance = 0.0051 µg pyroctechol −0.0027; (r 2 = 0.9988).
Statistical analysis
In vitro experimental results were given as mean ± S.D. of three parallel measurements. The experimental values were evaluated by using one-way analyses of variance (Tukey test). P values < 0.05 were regarded as significant and P values < 0.01 as very significant.
Results and discussion
Total antioxidant activity determination in linoleic acid emulsion The antioxidant activities of the aqueous and methanol extracts of Parmelia saxatilis (PS) on the peroxidation of linoleic acid were investigated. The results of activity assays of aqueous and methanol extracts of PS after 96 h incubation with linoleic acid emulsion are also summarized as inhibition (%) in Figure 1 . The antioxidant activity of PS extracts was determined by the thiocyanate method. The oxidation of linoleic acid was inhibited by the tested extracts except for the aqueous and methanol extract of PS in comparison with the control. Of the extracts tested, the antioxidant activities of aqueous and methanol extracts of PS (250 µg) were not statistically significant (P < 0.05). The aqueous and methanol extracts of PS exhibited potent antioxidant activities with 86.09% and 94.82% inhibition of linoleic acid peroxidation, respectively. However, the same concentration of α-tocopherol inhibited lipid peroxidation up to 72.02%. A strong relation has been found between concentrations of extracts or α-tocopherol and lipid peroxidation inhibition. The results suggested that the antioxidant activities are concentration dependent.
Thiobarbituric acid assay
In TBA method, formation of malonaldehyde is the basis for evaluating the extent of lipid peroxidation. At low pH and high temperature (100 • C) malonaldehyde binds TBA to form a red complex that can be measured at 532 nm. The increase of the amount of red pigment formed correlates with the oxidative rancidity of the lipid. Figure 2 shows the antioxidative activities of aqueous and methanol extracts of PS, measured by using TBA. Results indicate a somewhat different pattern from that of the FTC, where PS extracts showed high antioxidant activities, which were not significantly (P < 0.05) different from those of both aqueous extracts and α-tocopherol. The differences in antioxidative activities observed here could be ascribed to several factors, including the different mechanisms involved in the two determination methods, structures of the different phenolic compounds, the antioxidative mechanisms exhibited by the compounds and possibly, also, to the synergistic effects of different compounds. Antioxidant assay used in this study measures the oxidation products at the early and final stages of oxidation. The antioxidants present in the sample may have different functional properties, such as reactive oxygen species scavenging (quercetin and catechins), inhibition of the generation of free radicals and chain-breaking activity, e.g. p-coumaric acids and metal chelation (Hatano et al. 1989; Laranjinha et al. 1995; Van Acker et al. 1998 ).
Determination of reducing power
The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity (Meir et al. 1995) . For the measurements of reducing power, we investigated Fe 3+ -Fe 2+ transformation in the presence of aqueous and methanol extracts of PS, BHA and BHT (Fig. 3) . Like the antioxidant activity, the reducing power of PS increased with increasing concentrations of the sample. Significant changes in reducing power were observed only after the concentration of the extracts, BHT or BHA increased from 50 to 250 µg/mL and these differences were statistically significant (P < 0.01). The results suggested that the reducing power was dependent on concentration. The antioxidant activity of putative antioxidants has been attributed to various mechanisms, among which are prevention of chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, prevention of continued hydrogen abstraction, and radical scavenging (Diplock 1997; Yilidirim et al., 2001) . Reducing power of PS and standard compounds exhibited the following order: BHA > BHT > methanol extracts > aqueous extract.
Superoxide anion scavenging activity
The production of highly reactive oxygen species such as superoxide anion radicals, hydrogen peroxide, and hydroxyl radicals is also catalyzed by free iron through Haber-Weiss reaction (Haber & Weiss 1934) . Superoxide anion, which is a reduced form of molecular oxygen, has been implicated in the initiating oxidation reactions associated with aging (Cotelle et al. 1996) . Also, it has been implicated in several pathophysiological processes, due to its transformation into more reactive species such as hydroxyl radical that initiate lipid peroxidation. Superoxide has also been observed to directly initiate lipid peroxidation (Wickens 2001) . In the PMS/NADH-NBT system, superoxide anion derived from dissolved oxygen by PMS/NADH coupling reaction reduces NBT. Antioxidants are able to inhibit the blue NBT formation (Cos et al. 1998) . The decrease of absorbance at 560 nm with antioxidants thus indicates the consumption of superoxide anion in the reaction mixture. Figure 4 presents the superoxide radical scavenging activity of 100 mg PS in comparison with the same dose of known antioxidants BHA, BHT and α-tocopherol. PS extracts had strong superoxide radical scavenging activity and exhibited higher superoxide radical scavenging activity than BHA, BHT and α-tocopherol. The results were found statistically significant (P < 0.01). Superoxide radical scavenging activity of those samples followed the order: aqueous extract of PS > methanol extract of PS > BHA > BHT > α-tocopherol.
Hydrogen peroxide scavenging activity Hydrogen peroxide can be formed in vivo by many oxidizing enzymes such as superoxide dismutase, cross membranes and slowly oxidize a number of compounds. DPPH free radical scavenging activity DPPH is a useful reagent for investigating the free radical-scavenging activities of phenolic compounds and a substrate to evaluate the antioxidative activity of antioxidants (Duh et al. 1999) . The reduction of DPPH absorption is indicative of the capacity of the extracts to scavenge free radicals, independently of any enzymatic activity. In this method, it was possible to determine the antiradical power of an antioxidant by measuring the decrease in the absorbance of DPPH at 517 nm. In the radical form (DPPH), this molecule had an absorbance at 517 nm which disappeared after acceptance of an electron or hydrogen radical from an antioxidant compound to become a stable diamagnetic molecule (Matthaus 2002) . Therefore, we have evaluated the antioxidant potency through free radical scavenging with the PS extracts or antioxidant BHA and BHT. Figure  5 illustrates a significant decrease (P < 0.01) in the concentration of DPPH radical due to the scavenging ability of PS extracts and standards. BHA and BHT were used as reference radical scavengers. The scavenging effect of PS and standards on the DPPH radical decreased in the following order: BHA > methanol extract of PS > BHT > aqueous extract of PS, which were 96.6, 63.6, 45.8 and 19.8%, at the concentration of 250 µg/mL, respectively. Free radical-scavenging activity of these samples also enhanced with increasing concentration.
Determination of total phenolic compounds Phenolic compounds have antioxidant properties because of their ability to scavenge free radicals and active oxygen species such as singlet oxygen, free radicals and hydroxyl radicals (Hall & Cuppett 1997) . In our investigation, 24.3 ± 1.0 and 55.1 ± 0.4 mg pyrocatechol equivalent of phenol content was detected in 1mg of aqueous and methanol extracts of PS. Lichen pro- duces secondary metabolites which are mainly phenolic compounds (Nash 1996) . Our results are in agreement with those that reported the ability of phenolic compounds to scavenge free radicals and active oxygen species (Duh et al. 1999; Germano et al. 2002; Odabasoglu et al. 2004) . It is suggested that polyphenolic compounds have inhibitory effects on mutagenesis and carcinogenesis in humans, when up to 1.0 g daily ingested from a diet rich in fruits and vegetables (Tanaka et al. 1998 ).
In conclusion we can confirm that our results clearly show that PS had strong antioxidant activity, reducing power, DPPH radical and superoxide anion scavenging, hydrogen peroxide scavenging and metal chelating activities when compared to standards such as BHA, BHT and α-tocopherol. Also, the results of this study showed that antioxidants are efficient protective agents against degenerative diseases, the noted features of PS may guide further medicinal investigations.
